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ABSTRACT 



The present invention is a centralized RF management 
system that controls RF channels in a cellular network An 
RF management system is provided that combines multiple 
parameters in a way to improve the overall quality of service 
offered to mobile subscribers, while at the same time greatly 
simplifying the operator's RF engineering activities. The 
present invention is based on a "Quality Map" or Q-Map of 
the system. The Q-Map identifies, for a particular mobile at 
a particular point in time, the estimated quality of service the 
mobile would receive on each available RF channel in each 
available mode (i.e. analog, digital) at each available power 
level. The Q-map is created and updated based on informa- 
tion available from the cellular system, including signal 
strength measurements, interference, call activity and so on. 
In addition, each mobile is assigned a quality value 
(Q -value) that reflects it current quality of service. When a 
mobile unit's Q -value falls below an operator defined 
threshold (Q-min), the mobile unit's current Q-map is 
searched for the highest channel/mode/power level combi- 
nation. If that Q-map value is greater than the mobile units 
current Q-value, then the unit is instructed to take the 
appropriate action (handoflf, change mode, change power 
level, or a combination of these), resulting in an improved 
quality of service for the mobile. 

19 Claims, 9 Drawing Sheets 
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CELLULAR NETWORK HAVING 
IMPROVED METHOD FOR MANAGING RF 
CHANNELS 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

Hie present invention relates to cellular networks and 
more particularly to management of radio frequency (RF) 
calls in a mobile telephone system. 

2. Description of Related Art 

In mobile telecommunication systems, an RF perfor- 
mance of the system is typically managed by responding to 
unacceptable signal characteristics and independently vary- 
ing one of the RF management mechanisms. For instance, a 15 
system may respond to a poor carrier signal strength-to- 
interference (C/I) ratio of a call by increasing power. While, 
this power boost may strengthen the signal of the call being 
monitored, it may also have a corresponding negative affect 
on another call by increasing the interference in response to ^ 
the higher noise levels caused by the higher power level. 
Another conventional RF management technique may be to 
switch a call from one channel frequency, with relatively 
high interference, to another channel with relatively low 
interference. Current RF management functions, however, 25 
are designed to operate independently and asynchronously. 
As a consequence, these RF management functions some- 
times operate at cross-purposes, i.e., improving the signal of 
one mobile while increasing the interference experienced by 
other mobiles. 30 

In addition, currently available RF management algo- 
rithms are essentially fixed in their behaviors, wherein 
decisions are based on configuration information and/or 
averaged measurements. As a result, RF management func- 
tions tend to have a large number of parameters which must 35 
be continually updated to maintain an optimum performance 
in the cellular network or telecommunication system. RF 
management algorithms are also typically associated with a 
variable parameter such as power level, call mode, and 
channel assignment. That is, one algorithm is used for power 40 
management while another manages channel allocation, and 
the like. RF management algorithms may also be coordi- 
nated to avoid significant interference in their respective 
operations. For example, handoff requests can be delayed 
until after power control actions have taken place, thus 45 
allowing time for the RF signal strength readings to settle. 
However, channel allocation, handoff and power control 
decisions are typically conducted in different places in a 
cellular network or telecommunications system, rather than 
at a centralized location, which makes coordinating activi- 50 
ties difficult. 

The effort to maintain and optimize RF management 
parameters in a cellular network can be reduced through the 
use of off-board management systems and expert systems. 
By analyzing past performance information received from a 55 
cellular system and comparing that information against a 
given set of rules, an expert system can determine when the 
system is getting "out of tune" and then recommend changes 
to the various parameters to correct the condition. In some 
cases, the expert system may also be able to make the 60 
changes itself. However, these expert systems utilize past 
average measured criteria and thus cannot make real-time 
decisions for specific mobile units to implement an appro- 
priate dynamic corrective action. In addition, expert systems 
are highly complex, having an ability to crunch all the 65 
numbers and performance measurements to optimize per- 
formance. Such a system however requires undesired com- 
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plexity. A more simpler solution is desired for handling RF 
channel allocation on a cellular network. 

The problem in the art is further characterized in that 
management of the RF channels, particularly in terms of 
handoff, has become a very complicated and cumbersome 
process. The means used to decide whether or not a mobile 
should be assigned to a given channel or moved to a different 
channel has become a very complicated, large engineering 
problem. A lot of parameters are associated with the cell 
sites, in particular, to determine when particular mobiles 
need to be handoff and help decide where the mobiles need 
to go. It thus becomes difficult for operators of large net- 
works to manage their system, and optimize behavior prop- 
erly. This means that the quality over time begins to suffer. 
The operators are unable to keep up with the complexities of 
the system over time. 

A need exists for a centralized RF management system 
that operates substantially synchronously across all vari- 
ables for providing improved management of RF channels in 
a cellular network. 

SUMMARY OF THE INVENTION 

The present disclosure, accordingly, provides a method 
and apparatus for a centralized RF management system in a 
cellular network and operable in an analog and/or digital 
modes of operation which can include an analog advanced 
mobile phone system (AMPS), as well as a digital time 
division multiple access (TDMA) cellular network, or the 
like. 

The RF management system and method combines mul- 
tiple parameters in a manner to improve an overall quality of 
service offered to mobile subscribers, while at the same time 
greatly simplifying a cellular network operator's RF engi- 
neering activities. The end result is a cellular system with 
higher performance and lower operational costs. 

The present invention is based on a "Quality Map" or 
Q-Map of the cellular system for each mobile thereof. The 
Q-Map identifies, for a particular mobile at a particular point 
in time during a call, the estimated quality of service the 
mobile would receive on each available RF channel in each 
available mode (i.e. analog, digital) at each available power 
level. The Q-map is created and updated based on informa- 
tion available from the cellular system, including signal 
strength measurements, interference, call activity and so on. 
In addition, each mobile is assigned a quality value 
(Q-value) that reflects it current quality of service. 

When a mobile unit's Q-value falls below an operator 
defined threshold (Q-min) during a call, the mobile unit's 
current Q-map is searched for a prescribed channel/mode/ 
power level combination. If that Q-map value is greater than 
the mobile units current Q-value, the unit is then instructed 
to take an appropriate action (handoff, change mode, change 
power level, or a combination of these), resulting in an 
improved quality of service for the mobile. The mobile's 
Q-map is updated to reflect the new situation and the quality 
assessment continues for the duration of the call. 

The cellular network operator's optimization decision is 
simply to decide upon what value to set for the Q-min 
threshold. The Q-min threshold determines the minimum 
acceptable quality level for the system, thus allowing the 
operator flexibility to trade-off quality for resources. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram view showing various compo- 
nents of a mobile telecommunication system or cellular 
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network capable of implementing an embodiment of the land link, microwave link, satellite link, or other suitable 

present invention; link. BSCs 14a and 14b control the operation of their 

FIG. 2 is a schematic view of a cell structure in a mobile corresponding BTS stations 12a-12/. A suitable network 

telecommunications network; mterface network connection or bus 16 is provided to 

,5 couple BSCs 14a and 14b with a mobile switching center 

FIG. 3 is a block diagram showing the hardware and 20 that has Qverall responsibility for swi tching the 

software elements that may be used to implement the RF various calls between mobile units 10, as well as between 

manager in an embodiment of the present invention; mob j le umts jq and the public switched telephone network 

FIG. 4 is a flowchart of steps implemented by an embodi- (PSTN) 22. 

ment of the present invention to determine a desired optimal RF manager 18 is shown connected via network interface 

mode for new calls in the mobile telecommunications sys- 16 and has visibility to all of the activity between mobile 

tem; units 10, 13 and BTS 12a-12/. Thus, RF manager 18 is able 

FIG. 5 is a flowchart showing steps associated with an to monitor the quality of the communications between the 

initial channel allocation of a call in a mobile system in mobile units and base transceivers. Further, RF manager 18 

conjunction with an embodiment of the present invention; 15 can adjust various parameters of the RF links by sending 

FIG. 6 is a flowchart showing a method of monitoring various control signals to mobile units 10, 13 and BTS 

active calls utilized by an embodiment of the present inven- 12a-12/, via BSC 14a, 14b. 

tion; Referring now to FIG. 2, a cellular structure of mobile 

FIG. 7 is a flowchart of process steps implemented to telecommunications system 1 is shown representing the area 

manage power control of a mobile unit and base station 20 covered by a ceUular system Each of the cells A, B, C, D, 

according to an embodiment of the present invention; ' F > G ^ have a T 12 as shown 10 mG - *) 

cr^ o- a L^-iii*- . f , , rc . , provides RF communications links with the various mobile 

FIG. 8 is a flowchart illusfrating steps of a handoff checks ^ m ^ ^ ^ aaitomobUe 30 ^ & QWn ^ ^ 

process according to an embodiment of the present inven- mg a path 32 ^ celMar netWQrk ^ autQmo _ 

0D ' 25 D ^ e a user may be placing, receiving or conducting a call 

FIG. 9 is a flowchart showing steps of a mode change t0 another mobile user or a land based ^ connected t0 

checks process implemented by an embodiment of the PSXN 22 (FIG. 1). It can be understood from FIGS. 1 and 

present invention; 2 ^ duricg the m0V ement of a mobile unit 10 from cell B 

FIG. 10 is another flowchart of mode change handoff to cell A to cell E, different BTS stations 12 will have 

steps of an embodiment of the present invention; 30 responsibility for providing the RF communications to the 

FIG. 11 is a flowchart showing steps taken when a call's mobile unit 10 in automobile 30. For example, a BTS in cell 

parameters are unacceptable and no action is found to be B will have initial responsibility, but as the automobile 30 

sufficient to improve quality above the imnimum acceptable approaches the transition to cell A, another BTS associated 

value (Q-min); with cell A will likely need to take over RF communication 

FIG. 12 is another flowchart of steps utilized by an 35 responsibility. Another automobile 34 is shown in FIG. 2 

embodiment of the present invention to remove an interfer- l k at is also traveling through the cellular network. From 

ing call; FIGS, 1 and 2, it can be understood that at various points the 

FIG. 13 is a graphical view of quality versus power level automobiles 30 and 34 may be in close proximity to each 

of a mobile • otDer at cell boundary edges. That is, the automobiles 

FIG. 14 is a graphical view of quality versus base station « M ^ ct ™ ci< ? e at „ a t limc the D f « d D / E 

power level* boundaries. If the automobile operators are both using 

le ! u- i • c . * their mobile telephones during this time, then it can be seen 

FIG. 15 is a graphical v.ew of quality versus channel ^ depending on the power lcve] , channel ^ 

assignment; ^ interference can be introduced into the communi- 

FIG. 16 is a graphical view of quality versus call mode; 4S ca tion link. 

an( * Normally, at cell boundary transition points the RF signal 

FIG. 17 is a graphical representation view of a quality quality decreases. This is often due in part to the physical 

map of the RF parameters for a call of a mobile in the distance between the mobile unit and BTS, as well as other 

cellular network managed in accordance with an embodi- environmental factors such as the weather, buildings and 

ment of the present invention. 50 0 tb ei structures. The signal quality is affected by various 

DESCRIPTION OF THE PREFERRED parameters that correspond to the communication, such as 

EMBODIMENTS signal strength, channel assignment and mode, Le. analog or 

digital. In particular, interference by other mobile unit users 

Referring to FIG. 1, a mobile telecommunications system can cause a detrimental affect on the carrier to interface ratio 

is shown and generally designated by reference numeral 1. ss (i.e. C/I ratio) of other communications with respect to 

A plurality of mobile telephone units 10a, lOfc, 10c, lOd and analog voice signals. In addition, digital-mode calls are 

lOe arc shown having a radio frequency (RF) communica- generally assessed based on the bit error rate (BER), in 

tions link with one of a number of base transceiver stations comparison with the C/I ratio used for analog-mode calls. 

(BTS) 12a, lib, 12c, 12a*, 12e, 12/. Of course, other types Interference of digitally coded voice signals can also be 

of mobile telecommunications systems, such as mobile eo assessed via bit error rate (BER), frame error rate (FER), or 

computer 13 may also interface with the network through a other suitable measure. 

RFliiiktooneoftheBTS'12a-12/. It should be understood As an example, one response to a decrease in signal 

that FIG. 1 shows but one example of a mobile telecommu- quality may be to raise the signal strength of the transmis- 

nications system and many others are contemplated by the sion from the mobile unit. Another remedial measure is to 

present invention. 65 raise me s j gna i strength of the transmission from the base 

Base transceivers 12 are coupled to base station control- station to the mobile unit. It should be noted that merely 

lers (BSC) 14a and 14b via a suitable data link, such as a increasing signal strength is not always the optimum solu- 
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tion since it may cause electrical noise, or interference to be new calls in the mobile telecommunications system and 

increased with respect to other active mobiles. It can be seen determine their quality levels. At step 1, a mobile unit 10 

that optimizing signal strength usually includes providing accesses the mobile telecommunications system 1 by origi- 

the minimum transmission power that is sufficient to main- nating a call, or in response to a page (receiving a call). The 

tain call quality, without providing excessive power. 5 RF manager then lists all of the various modes that the 

Another parameter that may affect the quality of a com- mobile unit can operate under in step 2. As noted previously, 

munications link is the channel, or frequency, which is being there may be more than one mode that can be used for 

used for the signal transmission. For example, cell A may be communications with the BTS, for example analog or one of 

assigned one set of frequencies to be used to communicate the standard digital protocols (IS-136, EFRC or IS-54, 

with the mobile units in that area. Adjacent cell F may be 1Q VSELP) can be used. 

assigned another set of frequencies. However, some of these The process then determines the next available operating 

frequencies may be overlapping, or at least close enough to mo d e for the mobile unit (step 3). The RF manager estimates 

cause one signal on a first channel to bleed over to another the mobile units call quality (Q-est) for the next mode i at 

channel, thereby decreasing transmission quality. step 4 ^ notcd pre viously, a Q-min, or the minimum 

The mode being used by the transmission is also a critical acceptable quality threshold value has been determined or 

parameter for call quality. For instance, at low signal levels, established by the cellular network operator, 

analog sisals are more resistant to interference than digital § fi ^ determines tf me estimated call ^ Q . est 

signals. Tnat as, the quality of a digita^ signal sharply fc f ^ 0f ^ {Q ^ minimum call M alit ' Q _ min 

decreases when a certain interference level is encountered. Jf ^ m fc ^ ^ * ^ t0 the 

On the other hand, an analog signal will have a relatively mminmm u ^ me kular mQde bein 4 evaluated 

slow decrease in quality as more interference becomes k removed from me mod * nsi at step 6 How l weTy if the 

* >r ^ en , ' - . estimated quality does meet or exceed the minimum quality, 

Each of the aforementioned parameters may have an men me process to step 7 ^ K it k determined 

affect on another parameter. For example, if the RF com- $ ^ Mde ^ me kst one on ^ list Subsequent to step 6 

munication quality is low, then transmission power can be ^ process also co^^ to step 7. If me mode nnder 

increased. However, this may have an adverse affect on the consideration ^ not ^ bst mode on the list (as determined 

interference that is present on an adjacent channel. His by step 7)> ^ me mcthod b back to ste ^ 3 and ^ 

potential increase in interference may also cause the quality ^ comparison is repeated for a next mode. If the mode 

of a digital transmission signal to be drastically reduced, ^ ^ last one 0D ^ ^ ^ ^ ^ t0 st 

while an analog signal may have a less noticeable quality x 8 wmch determin6S whether ^ m any modcs left on ^ 

oss * list to consider (i.e. any modes that met the quality criteria 

Therefore, it can be seen that it is necessary to monitor all 0 f ^cp 5). if noiy tne n the mobile unit's access attempt is 

of the various parameters that affect the quality of the dcnied at stcp 9. jf, however, there are modes remaining on 

communications link and determine an optimum transmis- the list, then the RF manager, at step 10, determines the 

sion power level, channel and mode for each call based upon 35 modc k ^th the highest estimated quality, 

a quality factor. In step u of HG 5> ^ of me available RF ch2Lmc]s ^ 

Turning now to FIG. 3, a diagram of the hardware and can support mode k are listed. At step 12, the process then 
software components of the RF manager according to one determines the next RF channel i. The quality of the corn- 
embodiment of the present invention shall now be discussed. munication on RF channel i in mode k is then estimated at 
A workstation, such as an IBM RISC System/6000 running ^ step 13. Using this criteria, step 14 determines whether the 
an AIX operating system, or the like, could be used to estimated call quality is greater than or equal to the mini- 
provide computing resources needed for the RF manager to mum ca u quality. If the estimated quality is not greater than 
control the various call parameters that affect quality. or equal t0 ^ minimum acceptable quality, then the RF 

The computer hardware 54 may include a central pro- channel being considered is removed from the list at step 15, 

cessing unit (CPU) or microprocessor that is coupled to 45 Subsequent to step 15, and if it is determined that the 

other devices, for example, by a system bus. A database 55 estimated quality is greater than or equal to the minimum 

is coupled to hardware 54 and stores values representative of call quality, the process continues to step 16 where it is 

the parameters affecting the quality of the RF communica- determined if this is the last RF channel on the list. If not, 

tions. Those skilled in the art will readily comprehend how then the method loops back to step 12 and the comparison 

the computer hardware 54 interacts with the call parameters 50 of RF channels in mode k continues. When step 16 deter- 

stored in database 55 by storing digital signals representative mines that the last RF channel on the list has been 

of the parameters and manipulating the signals using known considered, the process moves to step 17. In step 17, it is 

digital signal processing techniques. Signals can then be determined if there are any channels remaining on the list, 

transmitted by RF manager 18 in response to the processed i.e. were there any channels that met the quality criteria? If 

digital values stored in database 55 to control the RF S5 not, the access attempt is denied at step 18. When there are 

characteristics of the mobile telecommunications system 1. RF channels remaining on the list, the method of the present 

RF management software can include the previously invention determines the particular RF channel j with the 

noted operating system 52 or other suitable operating system highest estimated quality (step 19). A control signal is then 

that is present and running on hardware 54. An RF manager sent to the mobile unit that causes it to tune to RF channel 

application program 50 is running on operating system 52. eo j in mode k at step 20. 

The RF manager application program 50 includes various Subsequent to step 20, the process continues with step 21 

algorithms that manipulate the various call parameters and 0 f FIG. 6. In step 21, the mobile unit and base station 

determine which combination of transmission power (by the monitor the RF communication quality factors. The RF 

mobile unit and the base station), channel allocation and manager then calculates the actual quality Q of the mobile 

mode will provide for an optimum quality based signal. 65 unit at step 22 and step 23 then determines if the quality Q 

FIG. 4 is a flow chart of the steps implemented by an is less than the minimum acceptable quality level Q-min If 

embodiment of the present invention to check the mode of the quality is not less than the minimum quality threshold, 



09/15/2004, EAST Version: 1,4.1 



US 6,198,910 Bl 

7 8 

then the process loops back to steps 21 and 22 and continues to the minimum quality threshold, then the method proceeds 

monitoring the actual quality. When the quality Q is less than to step 41 where it is determined if this is the last RF channel 

the minimum acceptable level, then step 24 determines the on the list. If not, the process loops back to step 37 where the 

source of the quality degradation. At step 25 the process next possible RF channel is evaluated. If, at step 41 it was 

determines if the degradation is caused by a second mobile 5 determined that the RF channel considered is the last one on 

unit. the list, then the process of the present invention continues 

Referring now to FIG. 7, if the source of degradation is to step 42 which determines if there are any channels 

not another mobile unit, then step 26 determines if the remaining on the list. If so, then at step 43 the present 

original mobile unit can increase its power. If so, the method invention determines the RF channel j from the list having 

at step 27 estimates the mobile's call quality at the highest 10 the highest estimated quality. The RF manager then gener- 

power level. Step 28 determines if the estimated call quality ates control signals that cause the mobile unit to be handed 

at the higher power level is greater than or equal to the off to RF channel j which has the highest estimated quality 

minimum acceptable quality Q-min. If so, then step 29 as determined in step 43. After step 44, the process loops 

determines the minimum mobile power level needed to meet back to step 21 of FIG. 6 where the mobile unit and base 

the quality criteria. Control signals are then generated by RF 15 station monitor the RF quality factors of the call, 

manager 18 and transmitted to mobile unit 10 via MSC 20, If at step 42 of FIG. 8, it was determined that there are no 

BSC 14 and BTS 12, causing the mobile unit to change its RF channels on the list (i.e., none that would yield an 

power to the level needed to meet the minimum quality estimated quality that meets the minimum standards), the 

threshold (step 30). It should be noted that one embodiment process continues to step 45 of FIG. 9. In step 45, a list of 

of the present invention causes the mobile unit to adjust its ^ all other modes under which the mobile unit can operate is 

power level to meet, rather than exceed the minimum built. Step 46 then determines the next mode i. The quality 

acceptable quality level in order to minimize any interfer- of the mobile unit's call in mode i is then estimated at step 

ence to other RF communications that could be caused by 47. It is then determined if the estimated quality is greater 

this power increase. In another embodiment, the mobile than or equal to the minimum acceptable call quality at step 

unit's power level is adjusted to exceed Q-min by at least ^ 48. If not, then step 49 removes this mode from the list. If 

one quality unit. the estimated quality does meet or exceed the minimum 

Returning to step 26, where if it was determined that the acceptable quality, then step 50 determines if this is the last 

mobile unit cannot increase its power (i.e., the mobile unit mode on the list. If there are other possible modes to be 

already at the highest level), then step 31 determines if the evaluated on the list, then the process continues again to step 

base station can increase its power level. Further, if at step 30 46. When the last mode on the list is reached, as determined 

28 it was determined that the estimated quality at the mobile by step 50, the method proceeds to step 51. In step 51, it is 

unit's highest power level did not meet or exceed the determined whether there are any modes left on the list (i.e., 

minimum acceptable quality, then the method will also modes remaining that meet or exceed the quality threshold), 

proceed to step 31. When it is determined at step 31 that the If there are modes on the list which meet the threshold, then 

base station can increase its power (i.e., base station is not 35 step 52 determines the mode k with the highest estimated 

yet at its maximum power level), then step 32 estimates the quality. 

mobile unit's call quality at the highest base station power When step 51 of FIG. 9 determines that there are no 

level. At step 33, the estimated quality is compared with the modes remaining on the list, the process continues to step 53 

minimum acceptable call quality of the communication and of FIG. 10. In step 53, all available RF channels that support 

if the estimated quality is greater than or equal to the 40 mode k are listed. Step 54 then determines the next RF 

minimum quality, then the RF manager at step 34 determines channel i. An estimate is then made by RF manager 18 of the 

the minimum base station power level needed to meet the quality of the mobile unit's call on RF channel i in mode k 

quality criteria. Again, the minimum acceptable base station by step 55. It is then determined at step 56 if the corre- 

power is used to reduce any potential interference with other sponding estimated quality (step 55) is greater than or equal 

mobile units 10. Once, the minimum base station power 45 to the minimum acceptable call quality. If the estimated 

level is determined at step 34, control signals are issued by quality does not meet or exceed the threshold, then step 57 

the RF manager 18, via MSC 20, BSC 14 to BTS 12 (step removes the RF channel from the list. However, if the 

35). estimated quality is at least equal to the minimum call 

Subsequent to both steps 30 and 35, the method of the quality standard, the process continues to step 58 which 

present invention returns to step 21 of FIG. 6 where the 50 determines if this is the last RF channel on the list. If not, 

mobile unit and base station monitor the quality factors of then the process loops back to step 54 to evaluate the next 

the RF communication. RF channel on the list. When the last RF channel has been 

If at step 31 of FIG. 7 it is determined that the base station encountered (step 58), then step 59 determines if there are 

is unable to increase its power level (i.e., base station is any channels remaining on the list, i.e. are there any RF 

already at maximum power), the process continues to step 55 channels that meet the quality criteria. If so, then step 60 

36 of FIG. 8. Further, if the estimated quality does not meet determines RF channel j from the list having the highest 

or exceed the minimum acceptable quality level for the RF estimated quality. At step 61 RF manager 18 generates 

communication in step 33 of FIG. 7, the process also control signals that cause the mobile unit to be handed off to 

continues to step 36 of FIG. 8. At step 36 the present RF channel j in mode k. After step 61, the present invention 

invention builds a list of all of the RF channels available in 60 loops to step 21 of FIG. 6 to continue monitoring the mobile 

the current mode. Step 37 then determines the next RF unit and base station RF quality factors. When it is deter- 

channel i and step 38 estimates the mobile unit's call quality mined at step 51 of FIG. 9 that there are no modes remaining 

on RF channel i. It is then determined if the estimated quality in the appropriate list, and it is determined at step 59 of FIG. 

on channel i is greater than or equal to the minimum 10 that no RF channels remain on that list, then the process 

acceptable quality at step 38. If the estimated quality is not 65 continues to step 62 of FIG. 11. 

acceptable, then this RF channel is removed from the list at At this point in the process, the various call parameters 

step 40. When the RF channel quality is greater than or equal have been analyzed and varied to "tune" the system to its 
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highest acceptable quality level. When there are no remain- 
ing options, such as alternate RF channels and/or modes to 
select (from steps 51 and 59) the present invention looks at 
the degradation of the uplink (mobile unit to base station) 
and downlink (base station to mobile unit). More 
specifically, step 62 determines if the uplink has been 
degraded. If so, the RF manager then causes the mobile unit 
to change its power to the maximum level (step 63). The 
process continues to step 64 when it is determined by step 
62 that the uplink is not degraded, or subsequent to step 63. 
At step 64 it is determined if the downlink is degraded. If so, 
then the RF manager at step 65 causes the base station power 
level to be increased to its maximum output. When the 
downlink is not degraded, as determined by step 64, or after 
step 65 the method continues back to step 21 of FIG. 6 where 
the mobile unit and base station continue to monitor the call 
quality factors. 

Referring now to FIG. 12, when it is determined at step 25 
of FIG. 6 that the degradation of the communication 
between the mobile unit and the base station is caused by a 
second mobile unit, the process jumps to step 66 of FIG. 12. 
In step 66, the call quality Q of the second mobile unit's 
communication is determined. At step 67, it is then deter- 
mined whether the call quality of the second mobile unit is 
less than the minimum acceptable quality. If so, then both 
the first and second mobile units must be processed to avoid 
interference (step 68). After step 68 of FIG. 12 the process 
loops back to step 26 of FIG. 7 which then begins the 
analysis of the call quality for both the first and second 
mobile units. 

When it is determined at step 67 of FIG. 12 that the 
quality of the second mobile unit is not less than the 
minimum acceptable level, step 69 then determines if the 
second mobile unit is at minimum power (in order to reduce 
its interference with the first mobile unit). If the second unit 
is not at minimum power, then step 70 determines the 
minimum power level for the second mobile unit that will 
meet the quality threshold Q-min. At step 71, the RF 
manager causes the second mobile to change its power level 
to the minimum acceptable level as determined by step 70. 
Subsequent to step 70 and when step 69 determines that the 
second mobile is already at its minimum possible power 
level, step 72 then determines if the first mobile unit has a 
call quality that is still below the minimum acceptable 
quality threshold. If the first mobile unit's quality is still 
below the minimum, then at step 73 the first mobile unit 
must be processed to avoid the interference by looping back 
to step 26 of FIG. 7. When it is determined at step 72 of FIG. 
12 that the quality of the first mobile now meets or exceeds 
the minimum acceptable quality, the quality of the first 
mobile has been restored (step 74) and the method continues 
back to step 21 of FIG. 6, where the mobile unit and base 
station quality factors are again monitored. 

Thus, it can be seen that the present invention iteratively 
monitors and adjusts the parameters (mode, channel, power) 
for each call in the mobile telecommunications system to 
optimize its performance based upon the quality of each call 
therein. 

A fundamental goal of assigning mobiles to channels and 
matching their respective power levels, handing off the 
mobiles from cell to cell, etc., the whole intent of that is, to 
maintain the quality of a call to at least a minimum accept- 
able quality level while maximizing the maximum number 
of calls that can be served in the cellular network. It is 
desired to use as many channels as possible, while still 
providing at least a minimal level of call quality for each 
mobile assigned to a channel. According to the present 
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disclosure, the quality of a call is used as the criteria for 
deciding to take corrective action, in contrast with signal 
strength, error rate, etc. Instead, as long as the call is of a 
minimal level of quality, then no action is taken with respect 

5 to the call and RF channel management, 

The present embodiments function based upon a quality 
oriented parameter. With the quality parameter, an amount of 
effort needed to process mobile calls and to manage the RF 
channels is advantageously minimized. 

10 Principals of the present embodiments include; 1) ensure 
that a minimum level of call quality is maintained, as 
established by the cellular network operator; 2) keep inter- 
ference down to a minimum so that each mobile call has a 
higher probability of having an acceptable call; and 3) utilize 

15 a minimum amount of processing on the cellular network. 
Without the present embodiments, managing of RF channels 
can become a significant engineering problem. 

The present embodiments make use of certain physical 
characteristics or available measurements which can be 

20 made on the mobile station and a corresponding base station 
relative to whether or not the call is "good" or "not good". 
For example, G/I, BER, FER, muting characteristics, etc., 
directly affect the level of quality of a given cellular call. 
Other characteristics may have a correlated influence to the 

25 level of quality of the given cellular call, but don't neces- 
sarily themselves give an indication that a given call is 
"good" or "not good". For example, the received signal 
strength indicator (RSSI) is such a characteristic. A call may 
have a low RSSI and still a good sounding call results if 

30 there is no interference. RSSI is a typical trigger for imple- 
menting a handoff, (i.e., when the RSSI is low, move the call 
to a new BTS), even though the call quality may not be bad. 
Such usage of RSSI to implement handoff initiation results 
in unnecessary processing in the network. 

35 With the use of call quality as the measurement 
characteristic, unnecessary RF channel management has 
been minimized. Unnecessary work is advantageously 
avoided. 

When something must be done (i.e., action taken to 

40 maintain a minimum level of call quality), then the present 
embodiment provides for selecting an RF channel adjust- 
ment or change which does not interfere with any other 
active call and furthermore will yield an adjustment or 
change which provides for a maximized duration before a 

45 subsequent change becomes necessary. In the first instance, 
change is avoided when unnecessary. In the latter instance, 
when change is required, then a best change that can be 
made is carried out so that a subsequent change will not be 
needed for a longer duration. That is, changes are not being 

50 continuously made to the RF channel assignments in the 
cellular system. 

There are several changes that can be implemented with 
respect to a mobile. They include placing a mobile onto a 
particular channel, either when the call is initiated or as part 

55 of a handoff. The mobile can be moved to a different 
frequency. The power level of the mobile can be changed. In 
addition, the power level of the base station can be changed, 
which possibly effects a level of interference. Furthermore, 
the coder used for voice coding can be changed for the call, 

60 under certain circumstances (i.e., changing the call mode). 
Handoff is the primary activity used to resolve quality 
problems, however, the other changes will also have an 
impact. 

The present embodiments postulate an ability to measure 
65 and/or estimate the quality of a particular call under various 
circumstances. In a particular measurement situation that a 
given call is in, there is derived a Q-factor (a quality factor) 
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which establishes a criteria for deciding whether or not the a mobile to a new channel allows it to avoid interference , 

given call is good enough or not. As a function of the fades, and other impairments. The target channel 84 is 

measurement taken, the quality of a call is estimated and/or selected such that it provides the greatest quality improve- 

determined and an appropriate corrective action taken. ment to the call's quality for a given power Level. Moving 

Unacceptable is defined as lower power levels which result 5 mobiles between channels is carried out on a limited basis, 

in quality below a minimum quality level. Good is defined since moving mobiles between channels is expensive and 

as a power level having a quality above a minimum quality time consuming. 

level. Marginal is denned as a power level having a quality Turning now to FIG. 16, a plot of quality versus call mode 

at the minimum quality level. is shown for a given mobile call at a given instant of time. 

In situations where all prescribed changes have been 10 Changing a mobile's call mode allows the mobile to use a 

investigated and none appear suitable, then the power level technology better suited for its environment. The target 

of the mobile is adjusted accordingly. The system then mode 86 should be selected to provide the greatest improve- 

awaits a next opportunity for improving upon the call ment for a given power level. Changing call modes has the 

quality. RF shall refer herein to the set of radios (radio greatest impact on system resources, 

transceivers) in a particular base station. RF management 15 FIG. 17 is a graphical representation of the quality map 

shall refer to management of the radios used in the cellular utilized by the present invention to evaluate call quality in a 

system. mobile telecommunications system. If considered as an x, y, 

Hie present embodiments utilize some form of control on z coordinate system, the x axis is the RF channel assignment 

bom sides of a radio link. That is, some aspects of the mobile with the y axis being the available mode of operation, 

station can be controlled and some aspects of the base station 20 Quality levels are shown as the z axis with a shaded level 

can be controlled, as discussed herein. The RF manager is noting the minimum acceptable quality level Q-min which 

thus involved in a management of both an up link and a was assigned by the cellular network system operator. The 

down link, i.e., the forward and reverse channels. Q-map provides a logical representation of the RF manage- 

The present embodiments deal with the management of ment options available to a mobile at any point in time, 

the RF interface in a cellular system, in particular, the 25 Every active call will have a unique Q-map, identifying the 

mobiles and the base stations. Communications are estab- set of all available channels, modes, and respective quality 

lished both to the radio transceivers in the base station and estimates at a given set of power levels, 

the mobiles themselves in order to manage the RF environ- For example, it can be seen that for the given instant of 

ment. time, the analog call on channel 11 has just slipped below the 

FIGS. 13, 14, 15, and 16 shall now be briefly discussed. 30 quality threshold. In accordance with the previous 

Each figure shows an estimated impact to the quality of a discussion, the power (mobile and base) can be increased, or 

call in response to changing one of four parameters in a a different mode or channel selected. The quality map of 

cellular network or system. The parameters include mobile FIG. 17 shows, in an easy to understand manner, how any 

power, base station power, channel, and mode. The integra- given call in the cellular network system can be monitored 

tion of the FIGS. 13, 14, 15, and 16 yields a Q-map, such as 35 and adjusted to reach the optimum level of call quality, while 

shown in FIG. 17. minimizing any interference that may be caused by the 

The flowcharts provide illustration of a trade-off between adjustments, 

the "best" solution to a quality problem and the impact to the To further illustrate, assume that FIG. 17 represents a 

cellular network system. The Q-map identifies what the best particular mobile on channel 14 in IS-136 mode. Since 

solution is and can also be used to provide input into the 40 changing channels and modes is expensive, a mobile should 

processing steps as discussed above. In effect, each slice of remain on its current channel as long as possible. At a 

the Q-map (i.e., along the x, y, or z coordinate axis from the present instant in time, the mobile on channel 14 in IS-136 

mobile's current state) provides a solution for each of the mode is at a marginal level of quality as indicated by 

"checks" stages in the flowcharts. If the Q-map is kept reference numeral 90. A preferred corrective action would be 

current, then execution of the process outlined in the flow- 45 to increase the power level of the mobile (and/or base 

charts is very fast and highly desirable. station) to achieve an estimated good quality level as indi- 

Referring briefly to FIG. 13, a plot of quality versus cated by reference numeral 92. 

mobile power level is shown for a given mobile at a given In another example, using the Q-map of FIG. 17, a mobile 

instant of time. From the Figure, it can be noted that in the analog mode is on channel 10 (indicated by reference 

increasing the mobile's power level allows the mobile to 50 numeral 94). From FIG. 17, it is noted that the call quality 

overcome reverse channel interference and fades. The target is marginal. At any point in time, the mobile is preferably on 

power level 80 is chosen such that it is the lowest power the channel that offers the best quality at the lowest power 

level which maintains the reverse channel at Q-min. Mobile level. The mobile on channel 10 in the analog mode should 

power level changes have the least impact on the cellular be moved to the IS-136 EFRC mode on channel 2, as 

network system. 55 indicated by reference numeral 96. 

Referring now to FIG. 14, a plot of quality versus base The Q-map thus provides a logical representation of the 

station power level is shown for a given call at a given RF management options available to a mobile at a given 

instant of time. From the Figure, it can be noted that point in time. Every active call will have a unique Q-map 

increasing the base station's power level allows it to over- identifying the set of all available channels, modes, power 

come forward channel interference and fades. The target 60 levels, and their respective quality estimates. Because wire- 

power level 82 is selected such that it is the lowest power less systems are very dynamic, the Q-map for any particular 

level which maintains the forward channel at Q-min. Base mobile will vary over time. In one embodiment, a new 

station power level changes may impact other calls in the Q-map is generated whenever a mobile's quality assessment 

system. falls into or within the "marginal" range. Alternatively, in 

With reference now to FIG. 15, a plot of quality versus 65 another embodiment, a Q-map can be continuously main- 
channel assignment is shown for a given call at a given tained for each active mobile in the system, based on call 
instant of time. From the Figure, it can be noted that moving parameters periodically sent from the BTS and the mobile. 
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The embodiments of the present invention also monitor 
various call parameters, such as signal strength and inter- 
ference. The embodiments then correspondingly adjust call 
variables, such as power level, mode and channel assign- 
ment in accordance with the measured criteria to meet a 5 
predetermined quality threshold for each call in the system 
utilizing a corresponding Q-map. 

Although certain preferred embodiments have been 
shown and described, it should be understood that many 
changes and modifications may be made therein without 10 
departing from the scope of the appended claims. 

What is claimed is: 

1. A method of managing RF communications between at 
least one mobile unit and a base station in a mobile tele- 
communications system, said method comprising the steps 15 
of: 

setting a threshold minimum level of call quality (Q-min) 
for said RF communications; 

measuring a call quality value (Q -value) of a prescribed 
call of said RF communications; 20 

comparing said call quality value with said threshold 
minimum quality value; and 

dynamically managing radio frequency channels of said 
RF communications in said mobile telecommunica- ^ 
tions network as a function of said call quality value 
and said minimum level of call quality, wherein 
dynamically managing radio frequency channels 
includes generating a quality map (Q-map) of said 
mobile telecommunications network for each said at 3Q 
least one mobile station during the prescribed call at a 
particular point in time, the quality map including an 
estimate of a quality of service said at least one mobile 
station would receive on each available RF channel in 
each available mode at each available power level, 35 

2. The method according to claim 1 wherein said step of 
dynamically managing radio frequency channels further 
includes adjusting at least one of the following plurality of 
parameters selected from the group consisting of: 

raising a transmission power parameter of said mobile 40 
unit; 

raising a transmission power parameter of said base 
station; 

changing a frequency parameter of said RF communica- 
tion; and 45 
changing a mode parameter of said RF communication. 

3. The method according to claim 2 wherein said step of 
dynamically managing radio frequency channels still further 
includes: 

raising said transmission power parameter of said mobile 50 
unit; 

checking said call quality value against said threshold 

minimum quality value; and 
maintaining said plurality of parameters when said call 5S 

quality value is greater than said threshold minimum 

quality value. 

4. The method according to claim 2 wherein said step of 
dynamically managing radio frequency channels still further 
includes: 

60 

raising said transmission power parameter of said base 
station; 

checking said call quality value against said threshold 

minimum quality value; and 
maintaining said plurality of parameters when said call 65 

quality value is greater than said threshold minimum 

quality value. 
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5. The method according to claim 4 wherein said step of 
dynamically managing radio frequency channels still further 
includes: 

changing said frequency parameter of said RF communi- 
cation; 

checking said call quality value against said threshold 

minimum quality value; and 
maintaining said plurality of parameters when said call 

quality value is greater than said threshold minimum 

quality value. 

6. The method according to claim 5 wherein said step of 
dynamically managing radio frequency channels still further 
includes: 

changing said mode parameter of said RF communica- 
tion; 

checking said call quality value against said threshold 

minimum quality value; and 
maintaining said plurality of parameters when said call 

quality value is greater than said threshold minimum 

quality value. 

7. The method according to claim 2 wherein said step of 
dynamically managing radio frequency channels still further 
includes: 

determining a predicted quality value for said RF com- 
munication which is generated by sequentially substi- 
tuting variable parameters for said plurality of param- 
eters; and 

changing any one of said plurality of parameters when 
said predicted quality value is greater than said thresh- 
old minimum quality value. 

8. A method of managing RF communications between at 
least one mobile unit and a base station in a mobile tele- 
communications system, said method comprising the steps 
of: 

setting a threshold minimum quality value for said RF 
communicatio ns, 

measuring a call quality value of a prescribed call of said 
RF communications; 

comparing said call quality value with said threshold 
minimum quality value; 

dynamically managing radio frequency channels of said 
RF communications in said mobile telecommunica- 
tions network as a function of said call quality value 
and said threshold minimum level of call quality, 
wherein dynamically managing radio frequency chan- 
nels includes generating a quality map (Q-map) of said 
mobile telecommunications network for each said at 
least one mobile station during the prescribed call at a 
particular point in time, the quality map including an 
estimate of a quality of service said at least one mobile 
station would receive on each available RF channel in 
each available mode at each available power level, 
wherein dynamically managing includes adjusting at 
least one of a plurality of parameters relating to said RF 
communication when said call quality value is less than 
said threshold minimum quality value; 

determining a predicted quality value for said RF com- 
munication which is generated by sequentially substi- 
tuting variable parameters for said plurality of param- 
eters; and 

changing any one of said plurality of parameters when 
said predicted quality value is greater than said thresh- 
old quality value, 

9. Hie method according to claim 8 wherein adjusting at 
least one of a plurality of parameters comprises one of the 
following selected from the group consisting of: 
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raising a transmission power parameter of said mobile 
unit; 

raising a transmission power parameter of said base 
station; 

changing a frequency parameter of said RF communica- 5 
tion; and 

changing a mode parameter of said RF communication. 
10. A cellular network having an RF management capa- 
bility comprising: 

a mobile switching center; 10 
at least one base station controller operatively coupled to 

said mobile switching center; 
at least one base station operatively coupled to said at 

least one base station controller; 
at least one mobile station operatively coupled to said at 15 

least one base station for carrying out a prescribed call; 

and 

a radio frequency manager operatively coupled to said at 
least one base station and said at least one mobile 
station for dynamically managing radio frequency ^ 
channels in said cellular network as a function of a call 
quality value (Q-vahie), and more particularly, a mini- 
mum level of call quality (Q-min), such that an overall 
quality of service provided by said cellular network is 
improved, wherein dynamically managing radio fre- 
quency channels by said radio frequency manager 25 
includes generating a quality map (Q-map) of said 
system for each said at least one mobile station during 
the prescribed call at a particular point in time, the 
quality map including an estimate of a quality of 
service said at least one mobile station would receive 30 
on each available RF channel in each available mode at 
each available power level. 
U. The network of claim 10, wherein the minimum level 
of call quality (Q-min) corresponds to a minimum call 
quality level as determined by an operator of said cellular 35 
network, 

12. The network of claim 10, wherein available modes 
include analog and digital modes. 

13. The network of claim 10, wherein said RF manager 
creates and updates the quality map (Q-map) based upon 40 
prescribed information available from said system. 

14. The network of claim 13, wherein the prescribed 
information includes at least one of the following selected 
from the group consisting of signal strength measurements, 
interference, and call activity, 45 

15. The network of claim 10, wherein said RF manager 
searches the quality map (Q-map) of a respective mobile 
station for a highest channel/mode/power level combination 
for restoring a minimum level of quality upon a determina- 
tion that the Q-value of a respective said at least one mobile 50 
station falls below the minimum acceptable quality level 
(Q-min). 

16. The network of claim 10, wherein said RF manager 
operates to restore a minimum level of quality upon a 
determination that the Q-value of a respective said at least 55 
one mobile station falls below the minimum acceptable 
quality level. 

17. A cellular network having an RF management capa- 
bility comprising; 

a mobile switching center, 60 
at least one base station controller operatively coupled to 

said mobile switching center; 
at least one base station operatively coupled to said at 

least one base station controller; 
at least one mobile station operatively coupled to said at 65 

least one base station for carrying out a prescribed call; 

and 
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a radio frequency manager operatively coupled to said at 
least one base station and said at least one mobile 
station for dynamically managing radio frequency 
channels in said cellular network as a function of a call 
quality value (Q-value), and more particularly, a mini- 
mum level of call quality (Q-min), such that an overall 
quality of service provided by said cellular network is 
improved, wherein dynamically managing radio fre- 
quency channels by said radio frequency manager 
includes generating a quality map (Q-map) of said 
system for each said at least one mobile station during 
the prescribed call at a particular point in time, the 
quality map including an estimate of a quality of 
service said at least one mobile station would receive 
on each available RF channel in each available mode at 
each available power level wherein each of said at least 
one mobile stations is assigned a Q-value representa- 
tive of a current quality of service of a respective said 
at least one mobile station, further wherein said RF 
manager operates to adjust prescribed parameters in 
connection with more than one call by said at least one 
mobile station upon an occurrence and detection of an 
interference between two mobile stations. 

18. The network of claim 17, further wherein said RF 
manager operates to restore a minimum level of quality upon 
a determination that the Q-value of a respective said at least 
one mobile station falls below the minimum acceptable 
quality level. 

19. A cellular network having an RF management capa- 
bility comprising: 

a mobile switching center; 

at least one base station controller operatively coupled to 

said mobile switching center; 
at least one base station operatively coupled to said at 

least one base station controller; 
at least one mobile station operatively coupled to said at 

least one base station for carrying out a prescribed call; 

and 

a radio frequency manager operatively coupled to said at 
least one base station and said at least one mobile 
station for dynamically managing radio frequency 
channels in said cellular network as a function of a call 
quality value (Q-value), and more particularly, a mini- 
mum level of call quality (Q-min), such that an overall 
quality of service provided by said cellular network is 
improved, wherein dynamically managing radio fre- 
quency channels by said radio frequency manager 
includes generating a quality map (Q-map) of said 
system for said at least one mobile station during the 
prescribed call at a particular point in time, the quality 
map including an estimate of a quality of service said 
at least one mobile station would receive on each 
available RF channel in each available mode at each 
available power level, wherein said RF manager creates 
and updates the quality map (Q-map) based upon 
prescribed information available from said system, 
wherein the prescribed information includes at least 
one of the following selected from the group consisting 
of signal strength measurements, interference, and call 
activity, and wherein said RF manager searches the 
quality map (Q-map) of a respective mobile station for 
a highest channel/mode/power level combination for 
restoring a minimum level of quality upon a determi- 
nation that the Q-value of a respective said at least one 
mobile station falls below the minimum acceptable 
quality level (Q-min). 

***** 
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